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A OOilPLETE lANE TEST OS A ffLYINCi-BOAT HULL WITH 
A POIUTED STEP - N.A.O.A. JiODEL HO. 22 
By James M> Shoemaker 

SUmCAET 



Tlie results of a complete tank test of a model of a 
flying- "boat hull of unconventional form, having a deep 
pointed step, are presented in this note. The advantage 
of the pointed-step type over the usual forms of flying- 
hoat hulls \7ith respect to. resistance at high speeds is 
pointed out. 

A take-off example using the data from these tests is 
worked out, and the results are compared with those of an 
example in which the test data for a hull of the type in 
general use in the United States are applied to a flying 
"boat having the same design specifications* A definite 
saving in take-off run is shown by the pointed- step type. 



INTHODUOTIOS 



Typical curves of the take-off characteristics of a 
flying boat show two regions in which the excess thrust 
available for acceleration is notably low. The first oc- 
curs at the "hump" of the resistance curve, in the low- 
speei part of the planing range, usually at about 30 per- 
cent "of the get-away speed. The second occurs hear "tSiQ 
get-away speed, A large part of the take-off time is 
spent in accelerating through these regions Qf. l.ow ozcess 
thrust o The high speed obtaining during the second period 
of low acceleration caxises the distance run during the 
, last few seconds before get-away to be excessively great. 
A decrease in the high-speed resistance conseq.uontly 
causes a pronounced reduction in the length of the ta3co-^ 
off run, and reduces the probability of damage to the hull 
when a take-off is made in rough water. 
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Til© dosigner has, somo control . o ver the relative magnl- 
tTido of thp r esistaaio -In tiKo' twotSri'tlcal regions, as was 
pointed out in reforonce 1. Using a small hull for a givon 
load is favorable to low resistance at high speeds, "but un- 
favorehlc" la t.he".huml> region. The' ■ res is ta rice 'at the hump, 
howovor, is more critically dependent upon hull loading 
than that at high speeds. If a d-esigh shows a' t-ondoncy to 
"stick" near gett-away it can te improved to some extent "by 
decreasing the hull size, thus" increasing the value of the 
load coefficient and hence the ratio of load to resistance. 
If the high-speed resistance of the hull is excessively 
great, however, the necessary ' reduction in size may "bo 
great enough to cause seriously high reslstanco at the 
hump. 

Oonsl^lerat,ion .of these characteristics ie'4^T'o"^tBfe~^b^ 
elusion 'that the over-gill performance of - a flying- Tsoat ■• 
huli APUld be materially. Improved if some means could "be 
fofisndiof obtaining a large reduction in- high* speed resist- 
ance without materially affecting the hump resistance^ ■ 
■This method of attadc seemed. particularly logical since 
/th6;ratio of. load t.d resistance at high speeds and 5.1ght 
. load© • la .distinctly low for hulls of conventional- form, •■ 
WheroasT that fot the hump region .is already reasonably 
hlgh.>nd could be made still higher simply by increasing 
the -fiilze of the hul'l if doing so Tdid- no'% cause trouble 
.near get-away. ■ . 

This line of reasoning is probably responsible for 
several designs Incorporating langltudlnlil steps or fluted 
bottoms for the purpose of reducing the effective beam and 
consoq.uently the resistance at high speeds. Prom the 
rather meager data available on such types it appears that 
they-:on'ly partly accomplish this purpose-, and that the 

..rfttlO' of load to resistance In the high-speed ^range ' la Irat 
slightly better than, that for a conventional hull," -^- poa- 

..sible earplanation.may lie in the fact that most " of the 
high-speed resistance seems to be caused by the blister 
from ,tho stop striking the afterbody, This explanation is 
borne out by unpublished tests made in the M.A.O.A. tank 

■on eti forebody alonei in which the resistance at high 
ppeeds _ancC light rbads "was considerably less than that of 
the- isame hull with the_af terbody in place. Although "the 
longitudinal step is effective in rieducing the wetted 
beam --of . the forebody, the blister raised, aft of the stop 
is p;i:^obably , aot appreciably smaller than ■ that . arising from 
a plain V bottom, heiice the reslstanco of the- af-terbody Is 
not materially reduced. 
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■■ A ■ sofiiQwhat dif f e^rent ^. sollition ■■66 tiie proTjlepi was sug— 

festod "by' the ■boiLavio,:^" of * a' conirentlorLal htill running in 
lie ' liigh,- speed range at " very iiigii trim angles. 'O'ncLer 
these conditions th.e stop came clear of tito water and the 
load was carried oa tho pointed afterljody, with about half 
the resistance of the same hull running at tho "best trim 
angle with the load on the stop." This condition is~repro- 
sented "by the cur^ros for loads of 5 and 10 pounds, and hy 
ono .point' for a'20-pouad load, in fl£;uro 6 of reference 1, 
The trim; angle of the /base lino for those curves was 9°, _ 
and the angle hetween the "base line andthe afterbody keel 
5, 5° , .causing the afterbody to run at an angle of 3.5°. 
The . cieatfance of the tail extension was great enough thai 
the blister from the afterbody did not touch it. 

. iChe" cc?ndit ion described had no diroct application for 
the ,fi.uii in qiiiestion, because^ /She diving mo&ents exerted' 
by th'e watet reaction were out sido_the_ practical limit. 
It did, $.6wever, Suggest the" possibility bf^osignlng a ^. 
hull 'with "a. po inted step , making tho -atop deep enough tp^ 
keb;^ tlie afterbody ol oar at high spoods. It was believed 
that tho air drag of a deep pointed stop, with the chines 
fair in plan form, would bo no worso than that of _a_^con- 
V6ut.i6nal transvorajb. step, Xt also seemed probable that"^ 
the,,. dead rise couid be made small without causing sev'erf^ 
landing shock, since .the landing would be made on the' ~- 
point of the step. 

A set of lines was" laid out in accordance with these 
ideas 1 and N.A.C.A. nodel 22 was made from them« It was 
tested by the "Complete" method in the IT.A.C.A. tank dur- 
ing July 1933.' 

APPAEAEUS AjJD liETHODS 



The procedure and purpose of tlie cbiiplete tj^pe of 
test used in the present investigation are discussed in 
detail in reference 1. The method consists of towing the 
model at all the combinations of speed, load, and trim 
angle that lie within tho useful wor!zi3ag rango. for each 
test point the resiatanco, trimming siomont, and draft cor- 
responding to one combination of the indopondont varia- 
bles are measured. 

Tho towing gear used in tho present tests differs 
slightly from that described in roforonco 2, The appara- 
tus for measuring resistance and momoats is retained, b-it 
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t"ab laotiiod-. of. suspQn(3,i3ig: tfep raode.1 -has "b-cpn somowliafc . al- 
torddr The- n&w apparatus , . togoth or witli-.othcir cJiangos 
siiotT "boine' considorodt-^jTClll .Tap dcBcritqd in "a^ futu.ro report 

■■'i. ■ . ■-::I>pg9rip.t3..p.!rx • of a Modoi . 

Th.0 .lines alid of f sots , of nodal 22 are sIlottii 'In^.fig- 
ui'oi.-.' Ihe essoat.ial dif-f orjop.ces /botw-een .this form arid ' 
tOia-lJ -o-f • a. coav.entloaal- hull;, lie in the deep pointftd. step, 
tHe "Hurtzo'iital afterbody-, and the low angle .'of d.e9id' jrise., 
Tlvb tow 'is -also tuiuaually- liigli and . t:iie. tuttoclts rise ra^th- 
er s]3L.arply forward .o-f the •^t^'^iqaj ..of .?iaxiiirttip.'\^ '^^e*- 
tail extanaioia aft of the atarapost, was not jLnco'fpQratdd 
in the raodol iDecause its effect on water por'f o'rma'nco is ' 
"believed to. t).e slight «• The llneS; as. shown arei suitable 
for' UBO in. a. dpsign /wfhero tho tali surf ?ipp8 , aro carried 
on Gutiiiggord* :--A tail, pxt ens ion may . "be. aided if ' it is de- 
sirod^to 'use thes.o lines for a-dosign in wh^Lph the sur-. .. 
facoB are cartiod- on the hull strupturo. In thia'ca^o 
the keel of the tail oxtgnsion shpulii moot the . si; prnpdst 
•somewhat ahovo water lino 3.. to avpid-.de.trimontal..intor^ 
f eronco, ■•' ; • ■ ^- ■. ' . ■ •-. . 

Ehe .model Is conBtrJa.ot.^(i of iaminatei matogany ,' hol- 
lowed o.ut tb; reduce the weight. It is covered by a flat 
plywood deck. ihe finish consists of seyieral ..coa*B- o*. 
grey enamel, ruhbed to a smooth surface, _ ' ' 

'The> .principal ;diinension8 are..:-. " . ... ■ 

Length, over-all 7 6 in., 

LengtlT'bf fprehody ......48 in. 

Haxlmum beam 17 in. 

. _ Depth, 'over— all- l-S in. 

. :• . . Depth of .step . .3,94 in, 

. -. . vwngle of dpad rise .10. - .. .■ ■ ■ . - 

Angle between keels Q ., . . 
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RESULTS 

!C-e-st.- data ,- Th.e load, speed,' resistance tfimming mo- 
meat, and draft for each test point are given in the ta- 
"ble of test data. All the points for one trim angle are 
ta'Dulated together, The same data, with, the exception of 
the draffs, are presented graphically in figures 2 to 7 
as curves of resistance and trimming moment plotted 
against speed, with the load as a parameter. Each figure 
gives the results for one trim angle. The rosistanco 
given inclxidos the air drag of the raodel, as was explained 
in roforonco 1, When the results are applied to a take- 
off calculation the parasite drag of the hull should not 
be included in the air drag of the seaplane. , 

* 

The trimming momenta and drafts. at rest are given in 
figures 8 .and 9.,- These curves may. "be used to determine 
the water line at rest for any displacement and center-of- 
gravity position. ■• The trimming- moment curves fiilso give 
the longitudinal stability of the hull at rest, 

ITondimen si onal results .- The difficulties caused by 
the l^rge number. of variables in the test da^a, and a 
method of avoiding them, are discussed in reference 1. 
The procedure ' consists of plotting the model resistance 
for a given speed and load against trim angle, to deter- 
mine, the,. minimum resistance and the best trim angle for 
that' p'atti'culaic" speed and load.* Cross-plots of mlnimiim ■ 
resistance and best trim angle against load are then pre- 
pared for each speed. The results are reduced to nondi- 
mensional form and presented as curves of resistance coef- 
flftiont aiad' 'be;st trim angle against speed coefficient. 
With load coefficient as, a parameter. The trimming mo-^ 
mep,ts are similarly plotted against trim angle for a^given 
load and speed, ; and the moment corresponding to the besf 
trim' angle read 'from the curve. These moments are then 
reduced to nondiiaons ional form and plotted against load 
with speed as a parameter. The moment coefficients corre- 
sponding to even load coefficients are read from these 
curves'' and the results pr'es'ented as curves of trimming^ 
moment coefficients plotted against speed "Coefficient • with 
load coefficient as a parameter. 

The nondinensional coefficients are used only in the 
presentation of data for the best trim angles. They are 
defined as follows: 
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Load coefficient, Oa = 5- 



Eesigtanco coefficiont, Cjg 



Tr imaing-jaoment coefficient, Cm = 

w "b 



Speed coefficient, Oy = 



whoro A is the load on the water Ih. 

E, water resistance IT), 

w, weight density of water Ih./cu.ft. 

h, heam of hull ft. 

M, trimming moment Ib.-ft. 

V, speed ft. /sec. 

g, acceleration of gravity ft, /sec.® 



Note: w = 63.6 Ih./cu.ft, for the water in the N.A.O.A. 
tank. 

I'he nondimenslonal results showing the characteris- 
tics of mod«l 22 at the "best trim angles are presented in 
figures 10 to 13. Figures 11 and 12 "both present the val- 
Tios of Oji as a function of Cv and OA- I'igure 11 is 
included to show the trend of On against Cy, whereas 
figure 12 is more rsadily applied to a take-off calculation, 

A ccu r acy .- The test data as presented in the faired 
curves are "believed to he correct within the following 
approximate limits: 
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Load ±0.3 11). 

Resistance ± .1 It. 

Speed ± .1 ft. /sec, 

Trim angle ± .1° 

Trimming moment ±1 lb.- ft, 

DISCUSSION 



Eesistance characteristics .- The results show _t hat _^ 
the low resistance at high speeds and light loads ejcpected 
of this model has teen realized. Figure 11 shows reason- 
ahly flat curves of Or against Oy in the high-speed 
range. The rise of noted with increasing Oy is 

caused in part hy the air drag of the modol, which is in- 
cluded in the resistance. The actual water resistance is 
probahly nearly constant against speed in this region. 

An idea of the relative merit of this model can ho ol>- 
tained from figure 14, in which the valuo of the lo ad-r e- 
sistanco ratio at various speed coefficients is plotted 
against load coefficient for models 22 and ll-Aj_ Model 
11-A, the characteristics of which are given in reference 
3, has the hest performance of any model so far tested hy 
the complete method in the N.A.C.A. tank. It is "believed 
to he a iCair representative of well-designed hulls of the 
conventional American type, figure 14 shows that model 22 
is definitely inferior to model 11-A at the hump spcod. 
At all the higher speeds chosen, however, the superiority 
of model 22 is considetahle, amounting to a 73-per6Qn^ 'in- 
crease in A/r over that of model 11-A for a speed coeffi- 
cient of 6.0 and load coefficient of 0.1. 



The relatively high hump resistance of model 22 does 
not appear to he inherent in the deep pointed step, "but 
seoms rather to he caused hy the upward curvature of the 
huttocks toward the how. A longer flat on the forehody 
forward of the step, together with a lower how, will prbh- 
ahly reduce tho hump resistance to ahout the same valuo as 
that of good conventional types. 
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Momen t charaotierlstics .- In previous note? on hulls 
tested "by the complete method in the N.A.C.A, tank, the 
moment coefficients -at-'he^t angles-have not been present- 
ed, [Jhe reason for this omission, explained in reference 
1, watj the difficulty presented "by the rapid change of 
trimming moment with angle, The attpmpt to establish these 
curveis for model 22 was somewhat more successful than the 
previous efforts, and the curves are presented in figure 
13. !;?he sign 'Of the trimming moments follows the usual - . 
aerodynamic convention, i.e., moments that tend to raise 
the how are considered positive. The use of this figure 
to determine the trimming- moment s necessary. to maintain 
"best trim angles throughout a take-off run consists of 
reading the value of Gjj corresponding to the values of 
Oy and ■ 0^ for a giyen condition,' The trimming moment 

is th«5h, 

U = Oji IT "b* 

where" "b is the full-scale beam in feet. 

S ip ra y forma tion .- The spray pharacterist ics_pf ..mod^l 
22 were studied Tby direct observation and "by means of pho- 
tographs taken during the tests. At low speeds the hull 
is rather "dirty." The "bow blister is heavy and rises to 
a considerable h"eigli.t. The upward cutvature of the butr. 
tocks near the bow is apparently responsible f-or this un- 
desirable blister as. well as for the relatively high "hump 
resistance at heavy loads. \.The height of the blister"" 
could ptobably be materially reduced by means of spray 
stripH. . _ . ■ ■ ' 

A pronounced roach, or feather", is raised^behind the 
model at a speed of about 10 feet per second. The posi- 
tion and height of this roach vary wi.th speed, and it dts- 
appear.B^ppmpletely at speeds above about 12 feet per sec- 
ond. -The addition of a tail extension of the usual forfli 
would probably serve to hold the roach down so that it 
would not damage .the tail surfacesi without causing an ap- 
preciable change in resistance. ' . . . 

At high speed's" and low angles the model is very clean. 
It runs on the forebqdy only, and the spray clears the af- 
terbody entirely, '■^"Thls fact accounts' for the low resist- 
ance 3^ the high-speed region, ^ 
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1 .. Tak e-ioff exa mp le.-- The effect of the characteristics 
of 'raodel-22 on take-off performance can /best he shown "by 
.#.qTkin€ out an example. i'or this purpose the same design 
specifications that were used for the examples in rofer- 
.en fses i :and 3 are assumed. They are: 

Sross load 15,000 lb. 

Wine area 1 ,o6o . sq. f t . 

- r-: Power l.QOO.hp. 



. Effective aspect ratio, ■ 
f considering ground - 
effect • .- ?rO . - . .. 

• Barasite . drag coefficient, 

excluding hull 0.p5 

•Airfoil Clark Y (data taken. 

r. from N.A.C.A, T.R, 

• ITo. 352, p. 26) 



The relatively high resistance of model 22 at the .. 
hump and the low resistance at high speeds lead to the se- 
■lection of a low value of the load coefficient. A value 
of 0»3 at the hump corresponding to a A/h of 5.08 was 
chosen for the first trial. This selection is hased upoji 
inspection of the curves of figure 14, A second trial may 
he required after the curves of total resistance and thrust 
available have heen constructed if the excess thrust at ei- 
ther: of the critical regions is too low. The load at the 
hump is assumed to he 0.9 X Aq, or 13,500 pounds. The 

heam is thus TPIBttY ^ or 8.9 feot. 
\0.3X64/ 

The wing setting is determined hy the method outlined 
in reference 1. The setting giving the. least total^re- 
sistance at 85 percent of the stalling, sgeed is 6.3 , cor- 
responding, to an angle of attack of 10.5 and a best trim 
angle of 4.2°, " _ ' , _ ^_ 

The curve of the total air-plus-water resistance, _ 
based on these conditions, is" given in figure 15(a^, to- 
gether with the' curve for model 11-A_ taken from reference 
3. The thrust curve in this figure is the same as that_/ 
used in the previous examples of references 1 and 3, The 
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curvesi" of i/a" and"- ' "V/fe, , ■cbiEpTated fr6int'h.e- excess tlitust 
availalDle for^acceleration ;sli6"wh- by figure 15(a) , are plot 
tod' In fifiTire i5(b), Tiie" area under 'the curve of l/a 
repreEients take-off t'lMfe", kiid that under tlie curve of V/a 
take-off run. Comparison of tlie V/a curves of the two 
model £)• shows clearly the superiority of model 22 in reduc- 
ing the length of run at high speeds. 

It may. appear from the curves of figure 15(a) that a 
hettei' choice' of beam could have heen made fo'ir either or 
both models. Model 22 shows considerably lower excoss 
thrust at the hump than at high- speed, while the converse 
is true of model 11-A, Several trial calculations using 
different beams were made, however, and those chosen ap- 
pear to give about the best performance possible in each 
case, A further increase' in the' beam of the' model 22 hull 
would cause' the weight and air drag of the hull to be ex- 
cessively high. Some of the advantage of the low water 
resistance at high speeds would also be sacrificed. If 
•th'O. beam of the model 11-A hull were reduced the hump re- 
sistance, and therefore the take-off time, would be in- 
creased without a proportionate decrease in high-speed re- 
sistance. The forms of the .curves are inher'ent in the 
characteristics of the two models, rather than in the se- 
lection of .beams :for this example. 

A cempari son -between thiis r.eauQit"s of- the two hulls ap>- 
ptlied t.-o the- design .condltl.oil.8 assumed is .given in the .' ' 
following .table:'... •. ■ ■ ; .■ : •■ 



- . .■ v.- ..Model 2-2-.- • . Model II-A 
Beam 1G6.-8 in. 96.3 in. 

Angle of wing setting 6.3° ' * 6.7° 

_Take-o.ff time ' " ''^'36.8 sec."' 30.4 sec. 

: . ' .Take-off. 'run ." .' .... ,'pjpO'~^-t' '[ ,'2',^B ft 

Ihe get-away speeds for the two hulls in the example 
are not- exactly ..the -same , a.e may.-be seen from .figure i5(a) 
This, discrepancy arises., from the fact' that^ tltp trim-angle 
curve far th-a run ^Just . preceding -.taico-of f. is assumed to bo 
an •ext-rapola.t.-ion. ;Of .the,.eur'Ve up to. the -la-.stt. po int actual- 
ly •calculai.ed> Ihe-.trijU; angljes^ as. w.ell as ^ the, wing set- 
ting for model 22 were slightly iov/er than those for model 
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llrsA, .h.en.pe;the get-taway spped is higher.. ..In. an actual 
tkke-eff . the get-away jfar either hull. Conld. he made at a_ 
?pe!ed lower . than = that ..- shown , hut ' still ahbve the stalling 
sp;e.ed', .^Tpy'Tmeans of .an ahrupt pull-qff. This phase 'of the 
prbiilem-'^nd s ef f'eci' .on time and run- is discussed in de- 
tail . in .refer ence . ... 

','ih.e ibest trim, angles for the example .us Ijag the moder 
22'"hull, .an4^' the mb"ment_s recLUired ■ to hold those angles, 
5ir,0;.piottgd:-. against speed in' figure. "16. The trim angles 
"arb' p^te^.'in'e4..a-B a'part. of the take-off calculations and 
.tho.^mbmojit's/are : re^d. from the curves of. figure, IS in ^hp ]^ 
manner,, dps cfih^bd in.. the' discussion pf fhat figure^ The 
cohtcr ahout. which the moments" are, ..taken is shown in fig- 
ure 1* The thrust and aerodynamic moments should next be 
added to the water moments, to ascertain whether the con- 
trol is adequate. Unles s . these ■ ext ernal moments ..-ar e _ 
strongly ji^egative., .it^* appear s.^ that the center .p£ gravity 
of a flying hoat us.ing the lines pf m94el ?2 ...should he 
farther forward' than the center of moments shown in figure 
1, since the water moments alone are decidedly positive 
(stalling) throughout most of the speed range.* 

C05fOLUDIN& EEMAHZS 

■ - ' ■ i; .j. 1 ^ : . ' . ■ \-i ' ■ ^ . .■ '"^ . "i . : > ■ -V i - 
: ■ > . ' ■ ' : ■ ■ ■ ' •. ■ . : . • ■ 

,!rhe present tests show the pp^s fbility qf-, improving 
the water performance of flying-hoa.t hulls hy departure 

.from t]je. conventional designs.*. .-Fuirther wo.r^ on hulls of 
the , jbype . of 4iio_del. .22 is. under way. The .next, step in the 
development is a study of the, effect .■ of a fpr-ehpdy having 
a longer flat and a lower "bow, in aii attempt to reduce 
the .hump, -resistance for a. giyen .value of- 0^, so that a 
siiaiier;.hull, may .he .uspd. . . .. ■ 1 " - . 

Wind-tunnel tests are required to determine whether 
the ai-r drag of the .pointed-rst ep type is reascnahly low, 
. In .this .co^nect.ion-, a general study pf^ the effect of hot- 
torn shapes on a^r . drag, would he o-f.; value. • ^ ,. ' 

Experiments with designs of the same general type as 
model 22, hut with greater ratios of length to beam, maj- 
load to the development of forms suitahle for use in twin- 
hull flying-hoat and float- seapl.ane designs. Various an- 
gles of dead rise should also he tostod in order to deter- 
mino' how groat the dead rise may h© made on this type of 
hull without seriously increasing the resistance. 
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3>all- scale experimoats with, a siaali and Inoxponelve 
flying; ■.•■boat would-'bQ of gro&-t value in determining the 
Ivamding claaracteristica. of tlie pointed- stop hull, as well 
as; it £1 -t endency to porpoise. These qualities cannot he 
investigated satisfactorily in the towing tank^ aLthough 
•geaBrsil . considerations lead to - the expectation that the 
pointed-step type will he at least as . satisfactory in 
these respects as hulls of conventional form. Some ten- 
dency tdward, directional iastatillty was noted at low 
speedts and heavy ■loads for the hull tested.' This tendency 
persiated' over a very sinall rallgo of.ispe^ods and- would 
prohahly Act -.cause iany difficulty; however * -full- seals, ox- 
p or imott B ' are. al so , neces sary f or .dot erjaining wheth.er the 
hull ;.s entirely eatisfaotory in this rfesp-ect-t . 

■■ ■ ■ • ■ - ■ ■ i . . " r . :r \ li ■ ..'^•^ti ' frv- ■ : . ■ ■ 

Langleiy . MemciriaLl Aeronautical La"bo rat.pry.i . . r b 

IfatiQjial. .A.dvispry Committee foi" Aerpn&ut ijpb v ■ : ; 
. Langley. Pleld, Va. , - Decemhet 18, :1933. . :; . 
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TiBCE 

Test Data fox N.A.O.A. Uodal No. SS Tlylng-Boat Bull 

Elnematlo Tleooslty > 0.000011 ft.^/seo. . 
Water density, 63.6 Ib./ou.ft. Water temperature, 69 F. 



Notoi PosltlTO moments tend to raise the Took 



Trim angle. 


T m 2 




Trim angle, t » 3** 


Iioad 


Speed 


Resistance 


Trimming 


Draft 


Load 


Speed 


Resistance 


Trimming 


Draft 


lb . 


f .p.s. 


lb . 


moment 


at 


lb. 


f .p.8. 


lb. 


moment 


at 






lb. -ft. 


step 

in. 






Ib.-ft. 


step 
in. 


5 


'25.3 


1.8 


1 


0.7 


20 


- 13.6 


3.8 


88 


8.1 




- 37.8 


1.9 


-1 


.7 




- 15.8 


3.6 


31 


1.9 








-1 


.6 




- 17.0 


3.4 


19 


1.7 




4-38.5 


V 3.7 


-1 


.6 




- 19.0 


3.3 


17 


1.7 




+43.8 


^ 2,3 


—a 


. 5 




- 80.5 


3.8 


13 


1.6 




♦ 49.0 


3.0 


-8 


.6 




-83.8 


3.4 


10 


1.6 




tSS.O 


3.3 


-4 


.4 




-83.3 
-26.0 


Z.4 
5.6 


8 
8 


1.5 
1.1 














10 


- 86.4 


3.7 


4 


.8 




' 31.1 


3.8 


•^1 


.9 




- 87.8 


3.9 


8 


• 8 




• 36.1 


4.1 


. 1 


.7 




- 32.8 


3,3 


1 


.8 




- 41.7 


4.5 


0 


.8 




-38.4 


\ 3.1 


0 


.6 




-46.8 


4.8 


-S 


.8 




~4S.8 
-49.0 


3.9 
4.0 


-1 

-s. 


.7 
.6 




-58.0 


B.5 


-4 


.7 












4.0 




-65.0 


4.3 


-3 


.6 


40 


6.4 
8.8 


6.3 


14 










7.1 


85 


3.9 














30 


-38.5 


5.8 


5 


.9 




9.8 


8.1 


33 


3.6 




-43.5 


5.9 


4 


.7 




16.9 


11.4 


>68 


3.9 




-49.0 


6.4 


1 


.8 




18.7 


10.3 


58 


2.7 




• 53,6 


6.d 


-1 


.6 




30.3 


8.4 


49 


3.3 








33.8 


7.8 


• 46 


2.1 














40 


7.8 


6.8 


87 


3.7 




-83.8 


7.0 


38 


1.8 




9.4 


8.3 


30 


4.7 




-35.9 


6.9 


30 


1.6 








-31.0 


7.0 


83 


















60 


7.9 


10.3 


42 


4.7 




-30.8 


7.0 


33 


1.5 




9.4 


13.4 


44 


4.7 




-36.3 


7.7 


16 


1.5 








-43.0 


8.0 


9 


1.0 














80 


7.8 


13.3 


54 


6.6 




^6.8 


8.1 


7 


.9 




9.4 


16.3 


65 


5.6 
















60 


6.4 


7.3 


SO 


4.8 












100 


7.8 


16.6 


60+ 


6.5 




8.3 


11.0 


37 


4.8 










9.5 


13.5 


35 


4.6 












Trim anRle. 


T - a* 






-35.3 


13.6' 


64+ 


3.8 












-33.0 


9.7 


41 


1.6 




^30.0 


.9 




0.9 




& 


0 














-33.0 


1.0 


0 


.7 


80 


6.4 


9.1 


86 


5.7 




-36.0 


1,3 


-1 


.7 




8.8 


14.4 


48 


5.7 




-Sl.O 


1.6 


-1 


.6 




-38.3 


14.8 


66+ 


3.1 




-36.9 


1.7 


-2 


.6 














-41.1 
- 48.6 


1.9 


-3 


.4 
.4 


100 


6,3 


10.7 


31 


6.4 




3.1 


-8 












- 53.0 


3.5 


-8 


.8 


Trim angle, i 


' - 6" 




10 


-19.0 


1.7 


5 


1.3 


5 


30.9 


.9 


-3 


0.7 




-30.6 


1.7 


3 


1.1 




33.7 


.9 


-3 


.7 




-33.8 


1.8 


4 


1.1 




35.8 


1.1 


-3 


.6 




-33.0 


1.8 


1 


.9 




88.0 


1.3 


-8 


.4 




-36.0 


3.1 


0 


.7 




38.8 


1.7 


-5 


.4 




-31.3 


8.3 


-1 


.6 




38.6 


3.1 


-4 


,5 




-36.0 


2.6 


-2 


.6 




48.9 


3.4 


-4 


.8 




-41.8 


3.7 


-2 


.6 




47.7 


2.7 


-4 


.3 




-46.5 


3.3 


-2 


.6 




53.8 


3.4 


-4 


.4 




-53.3 


3.3 


-4 


.5 
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TABU! (Oontlnued) 
Test Data fox H.A.O.A. Uodel Ho. 38 Tlylng-Boat BaXl 



Kinematic vieooalty ■ 0.000011 ft.^/seo. 
T&tex density, 63.6 Ib./ou.ft. Vatex tempexatuze, 69 T. 

Vote: FoBitive momentB tend to xalse tbe iMir 





Trim angle, 


T - 5° 






Txim angle, 


T - 60 




Load 
It). 


Speed 
f .p.e. 


Resietanoe 
Va. 


Trimming 
moment 
llJ.-ft. 


Dxaft 
at 

step 
in. 


Iioad 
ID. 


Speed 
f .p.8. 


HeelBtance 
Va. 


Txlmmlng 
moment 
ITj.-ft, 


Draft 
at 

step 
In, 


10 


19.0 

ao.g 

SS.6 
25. 4 
28.2 
32.7 


i.e 

1.6 

1.6 
1.7 
1.9 
3.3 


0 

_x 

-2 
-2 
-2 
-4 


1.3 
1.1 
.9 
.8 
.7 
.1 


80 


7.3 
9.2 
83.0 
25.3 
37.8 
33.0 


13.7 
16.3 
14.3 
11.9 
11.6 
11.4 


25 

31 

63+ 

60+ 

68 

84 


6.0 
6.8 
2.8 
2.2 
2.3 
1.7 




38.6 
43.3 


8.8 
3.0 


-4 
-6 


.6 
.5 


100 


7.3 


16.5 


32 


6.7 




47.5 
53.0 


z.e 

4.7 


-8 

-9 


.5 
.4 




Trim angle, 


T ■ 7® 




SO 


13.9 
15.6 
17.5 
19.0 
20.8 
23.6 
25.1 
38. 0 
32.5 


3.7 
3.8 
3.8 
3.8 
S.8 
2.8 
3.1 
3.3 
3.9 


11 

6 
5 
4 

3 
1 
-1 
-4 


2.1 

1.6 
1.6 
1.4 

1.2 
1.2 
1.1 
.7 


5 


19.4 
31.6 
34.6 
27.0 
33.3 
38.0 
42.2 
45.6 
50.6 


1.4 
1.6 
1.8 

2.2 
2.6 
3.3 
3.1 
2.9 
8.1 


-3 
-3 
-4 

-5 
-5 
-8 
-10 
-18 
-14 


1,0 
,7 
.7 
.6 
,6 
.4 
.2 
.1 

0 




38.6 
42.4 
48.5 
53.8 


'4.2 
4.7 
4.9 
6.3 


-5 
-7 
-10 
-11 


.7 
.6 
.7 
.5 


10 


18.2 
19.3 
21.6 
34.8 
27.0 

37,4 
43,0 
47.5 
50, B 


1.9 
3.0 
2.4 
8.6 

s.e 

z s 

v.o 
4.4 
5.1 
6.7 
6.S 


-1 
-3 
-3 
-6 


1.3 
1.3 
.8 
.7 


40 


7.3 
9.4 
10.9 
12.6 
13.8 
15.5 


6.2 
6,9 
7.4 
7.7 
7.8 
7.6 


7 

Q 
0 

13 
25 
34 
43 


4.1 

S f 
0. f 

3.5 
3.2 
3.1 
2.9 




-6 
-8 
-12 
-12 
-16 
-14 


.7 
.7 
.6 
.6 
.3 
.5 




17,6 
19,0 
20,8 
22,5 
26.1 
28.0 
32.6 
39.2 
43.0 
47.8 


6.1 
5,9 
5.7 
6.4 
5.8 
6.1 
6.0 
6.6 
7.1 
7.6 


35 
27 
23 
20 
13 
10 
3 
-2 
-6 
-8 


2.6 
3.3 
8.1 
1.7 
1.6 
1.3 
1.1 
1.0 
1.0 
.8 


20 


13.0 
14.9 
16,3 
18.3 
19.4 
21.5 
24.7 
27.3 
33.3 
37.9 
43.8 
47.8 
60.7 


8.0 

3.2 
3,2 
3,1 
3,3 
3.6 
4.0 
4.5 
6,3 
6.0 
6,8 
7,6 
8.2 


0 
2 
3 
2 
1 
-1 
-4 
-6 
-10 
-13 


1.9 
1.8 
1.7 
1.7 
1.7 
1.3 
1.0 
.9 
.8 
.7 


60 


7.3 
9.2 
10.8 


9.6 
11.6 
13.8 


16 
30 
21 


5.3 
4.8 

4.D 




-16 
-19 
-19 


.7 
.6 
.6 




13.6 
13.8 
16.4 
17.6 
18.8 
21.0 
2S.1 
25.2 
27.9 
32.6 
39.4 
43.1 


14.6 
16.0 
16.4 
• 14.0 
13.3 
9,6 

a.g 

8.4 
8.6 
8.7 
9.1 
9.4 


36 

65 

60+ 

60'i- 

60+ 

57 

50 

35 

36 

16 

4 

S 


4.1 
4.2 
4.1 
3.6 
3.3 
2.5 
3,3 
1.9 
1.7 
1,6 
1.3 
1.2 


40 


6.5 
8.3 
9.9 
11.5 
13.9 
14.8 
IS.O 
18.2 
19.4 
20.9 
21.6 
34.7 
38.9 
32.1 
37.7 
43.0 
48.8 


5.8 
6.7 
6.7 
6.6 
6.6 
6.4 
6.3 
6.2 
6.1 
6.2 
6.3 
6.3 
6.9 
8.0 
9.3 
10.1 
10.1 


-9 
-4 
-1 
6 
14 
38 
23 
19 
16 
12 
10 
5 
3 
-5 
-13 
-19 
-21 


4.4 

3.9 
3.6 
S.3 
3.1 
3.8 
2.6 
3.4 
3.3 
3.0 
1.9 
1.6 
1.4 
1.3 
1.0 
1.0 
.9 
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TAB&E (Oontlnued) 

Test Data for N.A.O.A. Uodel Ko. 3S Flying-Boat 

Elnematlo viscosity « 0.000011 ft.^/seo. 
Water density, 6Z.6 U./cu.ft. Vatex tenqpeiatuxe, 69° F. 



Kotei Poaitlve moments tend to zaise tbs Tsow 





Trim angle, 


T" t° 






Trim angle, t 


■ 9° 




Load 
Ih. 


Speed 
f .p.s. 


Resistanoo 
Vo. 


Trimming 
moment 
It. -ft. 


Draft 
at 

step 
in. 


Load 
lb. 


Speed 
f .p.a. 


He si stance 
lb. 


Trimming 
moment 
lb. -ft. 


Draft 
at 

step 
In. 


60 


6.5 

fi 3 

O . u 

9.8 

11 S 

Jm4SmO 

14.6 
15.9 
17.2 
18.0 
18.9 
19.2 
21.7 
24. S 
27.0 


8.1 

±,\J . a 

is.o 

12.5 
11.5 
10.3 
9.9 
9.6 

g.6 

9.1 

9.2 
9.4 


-5 
3 
6 
17 
ZO 
46 
54 
55 
51 

43 

OX 

33 
15 


6.4 
5.0 
4.7 
4 4 
4.1 
3.9 

3.3 
3.0 
3.0 
8.6 

Se 0 

1.9 

1.8 


60 


7.0 
8.6 
10.3 
11.8 

1 K ft 

14.8 
16.8 

20.0 
28.0 
85.0 
25.6 
27.4 
31.8 


9.9 
11.7 
12.5 
18.0 

XX. V 

11.8 
10.8 

10.9 
10.8 
11.0 
10.6 
11.4 
13.4 


-15 
-12 
-4 
6 
14 
85 
38 
28 
23 
18 
10 
8 
4 
-8 


5.3 
4.8 
4.6 
4.8 
3.8 
3.6 
3.1 
3.9 
3.6 
S 9 

tot 0 

2.0 
1.9 
1.7 
1.5 




32.3 
37.8 


10.1 
11.7 


4 
-6 


1.6 
1.4 


80 


7.3 
d.6 
10.8 
10.8 
12.1 
13.4 
14.8 
16.6 
18.4 
30.0 
2&.0 
25.0 
37.0 
38.2 


14.8 
16. S 
18. B 
18.9 
18.6 
18.0 
17.6 
16.1 
14.8 
14.6 
14.4 
14.3 
14.3 
15.6 


-10 

A 
t 

8 
7 
23 
34 
46 
60 
58 
49 
40 
35 
21 
3 


6.8 

5.6 
S.B 
6.3 
4.9 
4.5 
4.1 
3,6 
3.8 
3.7 
3.2 
3.3 
1.7 


80 


6.4 
8.4 
9,7 
17,7 
19.5 
21.6 
24.6 

sa.9 

32.6 


10.0 
15.6 
16.9 
17.8 
14.5 
12.8 
13.6 
12.4 
12.6 


11 

13 

68+ 

60 
43 
33 
16 


5.9 
6.6 
4.0 

9t % 

o* 0 
3.8 
3.3 
2.4 
1.8 




100 


6.4 


13.7 


-3 


6.9 










T = 90 








Trim angle, 




100 


7.1 
9.1 


17.1 
22.2 


-5 

7 


7.8 
6.9 


30 


13.5 


3.6 


-16 


1.8 




15.0 
16.9 


3.6 
3.9 


-10 
-8 


1.7 
1.5 




Trim angle, 1 


• - 11° 






18.6 
20.1 
22.0 
34.6 
27.3 


4.3 
4.6 
4.8 
5.Z 
5.6 


-6 
-8 
-8 
-12 
-33 


3.6 
3.4 
1.8 
1.1 
.9 


40 


9.3 
10.8 
12.4 
14.1 


8.3 
8.8 
8.2 
8.3 


-24 
-23 
-21 
-20 


3.6 
3.7 
2.9 
2.4 




32.6 


4.9 


-41 


.1 


60 


9.2 
10.9 
18.4 
14.1 


13.4 
13.7 
18.4 
12.4 


-23 
-15 
-8 

-3 


4.8 
4.4 

3.9 

3.6 


40 


7.0 
8.8 
10.4 


6.7 
7.3 
7.3 


-18 
-15 
-13 


4.2 
3.9 
3.6 




11.8 
13.6 
14.8 
16.9 
18.6 
20.1 
23.0 
35.0 
35.5 
37.4 
32.5 


7.0 
7.0 
7.3 
7.1 
7.3 
7.3 
7.4 
8.6 
8.3 
9.3 
10.3 


-8 
3 
4 
11 
7 
6 
4 
-4 
-3 
-9 
-23 


3.1 
3.8 
3.6 
3.4 
3.4 
3.1 
1.8 
1.6 
1.6 
1.5 
1.2 


80 


9.3 
10.8 
12.3 
14.0 
16.6 
17.3 
19.1 


18.3 
19.3 
18.4 
17.6 
16.9 
16.8 
16.5 


-16 
-4 

5 
15 
30 
34 
85 


5.9 
5.6 
4.9 
4.4 
4.0 
3.5 
3.3 




a, 1.8 
2.4 

All dinen- 
sions in 
indxes 



Body plan 
-13 apaees • 4,8 = 6Z.4 



Bate 

line 



T-"" C«ater of moments 



Base 
line 




FrofUe 

Vi^e 1.- IdxieB an& off9«ta of H.A.C.A. ifodel 38. 



14 

• 
• 



»3 



CD 




riBme Z.~ Heiiatsnce and trlnslng Hnsut.T -8°. 
>Od*L SS. 




i 



4.000 




Ftgusa 15,- 0(Mnixlaonll«tw«Mi taJca-oft parfonsnoe of HodaXe 
38 and UHk. 



j 
i 



1 




I 
I 



